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(57) ABSTRACT 

An electrical connector (10) has ground planes (13). Each 
ground plane (13) crosses counter ground planes (36) of the 
counter connector (30) So as to make a lattice structure when 
the counter connector (30) is fitted to the connector (10). The 
contact section (12C) of a signal terminal (12) of the 
connector (10) has a plane Surface perpendicular to the 
Surface of the corresponding counter contact section (34A) 
of the counter signal terminal (34), and formed at a flexible 
elastic arm (12B) in the plane surface. The ground plane (13) 
has pressure-welding sections (18B) and (20B), which indi 
vidually elastically contact with the facing inner Surfaces of 
each slit, at a portion to be put into each slit of the counter 
ground plane (36). 
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ELECTRICAL CONNECTOR HAVING GROUND 
PLANES 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an electrical con 
nector having ground planes. For example, Japan Patent 
Application Publication 2000-67955 discloses an electrical 
connector of this type. According to this Patent Reference, 
the connectors which are fitted and connected to each other 
have a plurality of ground planes that form a lattice structure 
by crossing each other, and contacting sections of signal 
terminals are located within the spaces made by the lattice 
structure. A slit that opens in the fitting direction is formed 
in a specified pitch on each of the plurality of ground planes 
of one connector, and the ground planes of the other con 
nector arranged in a direction perpendicular to the ground 
planes are designed to put into the slits. An elastic section is 
formed by a cutout groove on the other connector, and 
elastically connects with the inner surface of the slit entering 
in the slit. Accordingly, the ground planes of the two 
connectors forms lattice-like structure and ensure the contact 
between the two connectors. 

0002. However, the connector of the Patent Reference 
has a problem of requiring large force to insert/remove the 
connector. According to the Patent Reference, the elastic 
section of the ground plane of the other connector that enters 
the slit formed on the connector has only one slit formed for 
on slit. Therefore, the elastic pressure to contact with one slit 
has to be ensured by one elastic section. This means elastic 
displacement has to be made by one elastic section for the 
slit width. In addition, the elastic pressure has to be large. On 
the other hand, if the slit width is made smaller, enough 
elastic displacement can not be securely made, which may 
cause poor connection at other slits due to different dimen 
Sion among slits. Since there are many slits like this in the 
whole connector, the force to insert/remove the slit has to be 
large, and therefore unreasonably excessive force is applied 
for inserting/removing, which is not good for the connectors. 

SUMMARY OF THE INVENTION 

0003) Accordingly, it is an object of the invention to 
provide an electrical connector having a ground plane that 
can be smoothly inserted/removed, while ensuring the elas 
tic displacement of the elastic piece for contacting between 
the ground planes. 
0004. According to the invention, there is provided an 
electrical connector, in which a plurality of ground planes 
are arranged such that each surface is parallel to the other, 
and the contact sections of the signal terminals are arranged 
between the ground planes. In this electrical connector, at 
the time of fitting to the counter connector, the ground plane 
cross the counter ground plane so as to form a lattice-like 
Structure, and the contact sections of the signal terminals are 
located in the spaces made by the lattice-like structure. 
0005. In the electrical connector of the invention 
described above, the contact sections of the signal terminals 
have a perpendicular surface to the corresponding contact 
section surface, and formed on the flexible elastic arm in the 
plate surface. Also, it has a plurality of different elastic 
pieces on which a pressure-welding section that separately 
contacts with each facing inner surface of each slit is 
formed. 
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0006. In the connector of the present invention having 
Such constitution, a plurality of the elastic sections of the 
ground plate of this invention individually contact with the 
facing inner surface of each slit of the counter ground plane, 
and the slit width is managed by the sum of the displacement 
of the plurality of elastic pieces. Therefore a connector 
requiring Small inserting/removing force can be provided. 
0007. In this invention, for the signal terminal, the elastic 
arm has generally S-shape, and its free end forms a contact 
section. The ground plane forms an elastic arm and its 
adjacent wall by the cutout grooves. When it is viewed in a 
direction perpendicular to the ground plane surface, it is 
preferred that the elastic arm continuously located within the 
region of the elastic section and the wall without crossing the 
cutout groove in the whole length. By forming the ground 
plane in this way, since the feedback current path at the 
ground plane corresponds to the current path of the signal 
terminal, the distance between the paths is minimized, so 
that the propagation energy loss at the transmission circuit 
can be minimized. 

0008. In this invention, for example, two elastic sections 
can be provided for one slit of the counter ground plane, and 
the pressure-welding section of one elastic piece can be 
arranged so as to displace in a direction opposite to each 
other in the plate thickness direction of the ground plane. In 
this case, more specifically, the base sections of the two 
elastic sections are located in opposite to each other with 
regard to the counter ground plane in the thickness direction 
of the counter ground plane, and the pressure-welding 
sections of those elastic sections can be formed so as to be 
within an area that includes the positions for slits of the 
counterground plane in the above-described thickness direc 
tion, and also can be displaced with regard to each other in 
the connector fitting direction. 
0009. As described above, in this invention, a plurality of 
elastic sections are formed on the ground plane of the 
connector to fit to the counter connector for each slit of the 
counter ground plane, and these elastic pieces are separately 
elastically contacted by pressure with the facing inner sur 
face of the slit. Therefore, even if the displacement of one 
elastic piece is small, a certain displacement can be ensured 
by the plurality of elastic pieces. In addition, the elastic 
pressure can be made small by controlling. As a result, while 
achieving satisfactory contact between the ground planes, 
reducing the force required to insert/remove the connector, 
Smooth inserting/removing is enabled. 

BRIEF DESCRIPTION OF THE DRAWINGS 
0010 FIG. 1 is a partial cut-away perspective view of 
major portion of the connector according to an embodiment 
of this invention. 

0011 FIG. 2 is a partial cut-away perspective view of the 
major portion of the counter connector of the connector of 
FIG 1. 

0012 FIG. 3 is a side view showing the arrangement of 
the signal terminals and the ground plane of the connector of 
FIG 1. 

0013 FIG. 4 is a partial cut-away perspective view of 
major portion of the connectors of FIGS. 1 and 2 when fitted. 
0014 FIGS. 5(A) and 5(B) are cross-sectional schematic 
views showing the fitting of the connectors of FIGS. 1 and 
2 before and after the fitting, respectively. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0015. An embodiment of the invention will now be 
described with reference to the accompanying drawings, 
FIGS. 1-5. In the connector 10 of this embodiment illus 
trated in FIG. 1, signal terminals 12 and ground planes 13 
are Supported by a housing 11 made of an electrical insu 
lating material. In the figure, the signal terminals 12 and the 
ground planes 13 respectively have a Surface that is gener 
ally parallel to the XZ-plane in the three-dimensional coor 
dinate XYZ System, and are arranged alternately at regular 
intervals in the Y-direction. 

0016. As shown in FIGS. 1 and 3, a plurality of signal 
terminals 12 on one XZ-plane is formed by forming the 
outer shape while keeping the plane Surface of a metallic 
sheet, and the plane Surface is in the XZ-plane. Each signal 
terminal 12 has a generally S-shaped elastic arm 12B, which 
extends from a upright section 12A that protrudes upward 
above the portion held in the bottom wall 11A of the 
housing, and has a contact section 12C, which is an angled 
section formed at the free end of the elastic arm 12B. In 
addition, a lower portion than the portion held in the housing 
11 forms a contact section 12D (see FIG. 3), protruding 
downward from the bottom wall 11A of the housing 11. The 
signal terminals 12 formed in this way are symmetrically 
arranged in pairs Such that the two adjacent elastic arms 12B 
face each other. 

0017. A plurality of pairs of signal terminals 12 is 
arranged in the X-direction, and Such plurality of pairs of 
signal terminals is provided in a plurality of rows at regular 
intervals in the Y-direction. Between each adjacent rows of 
the signal terminals provided in the Y-direction, a ground 
plane 13 is supported by the bottom wall 11A of the housing 
11. As also understood from FIG. 3, the ground plane 13 is 
formed by a metallic sheet so as to be continuous in the 
XZ-plane. 
0018 When it is viewed in the Y-direction, one ground 
plane 13 faces the plurality of signal terminals 12. As 
illustrated in FIG. 3, each ground plane 13 is continuous in 
the bottom wall section 11A of the housing 11, but has 
differently shaped sections formed by a plurality of cutout 
grooves that are open upward above the upper Surface of the 
bottom wall 11A. 

0019. A wall section 16 is formed between a wide groove 
14 and a narrow groove 15, which extend from the upper 
edge of the ground plane 13 to the middle portion. A first 
elastic section 18 is formed between the narrow groove 15 
and its adjacent non-straight (generally crank-shaped) 
groove 17 which extends to the bottom wall 11A, and a 
second elastic section 20 is formed between a deep groove 
19 that extends further downward than the narrow groove 15 
and the non-straight groove 17. The both left and right wall 
sections 16 of the wide groove 14, and the first elastic 
section 18 and the second elastic section 20 are respectively 
formed symmetrically with regard to the wide groove 14. 
Since the wide groove 14 that forms one side edge of the 
wall section 16 does not extend downward so deep, it has 
relatively large rigidity. On the other hand, since the non 
straight groove 17 is formed deep, the first elastic section 18 
and the second elastic section 20 have flexibility and elas 
ticity in the thickness direction of the ground plane 13. 
0020 While the wall section 16 has a relatively simple 
tongue shape, the first elastic section 18 and the second 
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elastic section 20 have complicated shape since the non 
straight groove 17 formed between them is angled to have a 
generally crank-shape. While the first elastic section 18 has 
a first projecting section 18A, the upper edge of which 
projects toward the non-straight groove 17, the second 
elastic section 20 has a second projecting section 20A, 
which projects toward the non-straight groove 17 below the 
first projecting section 18A of the first elastic section 18. 

0021. As shown in FIG. 3, the first projecting section 18A 
and the second projecting section 20A have an area where 
the sections overlap in the lateral direction (the X-direction 
in FIG. 1). As shown in FIG. 1, the first projecting section 
18A and the second projecting section 20A are angled like 
a dogleg in the direction opposite each other in the thickness 
direction. Those angled protrusions form pressure-welding 
sections 18A and 20B that contact with the slit inner surfaces 
formed on the counter ground plane. In other words, those 
two pressure-welding sections 18B and 20B are displaced in 
the direction opposite each other in the thickness direction of 
the ground plane 13, and positioned on/under the other so as 
to overlap in the above-described lateral direction. 

0022. As seen in FIG. 3, when it is viewed in the direction 
perpendicular to the plate Surfaces of the ground plane 13 
and the signal terminals 12, i.e. in a direction perpendicular 
to the paper surface in FIG. 3 (the Y-direction in FIG. 1), 
each signal terminal 12 is completely within the region of 
the wall section 16 and the first elastic section 18 or within 
the region of the wall section 16 and the second elastic 
section 20 of the ground plane 13. The cutout grooves of the 
ground plane 13, i.e. the wide grooves 14, the narrow 
grooves 15, and the deep grooves 19, do not cross the signal 
terminal 12. Each signal terminal 12 faces the ground plane 
13 throughout its length (but excluding the portion protrud 
ing downward from the bottom wall 11A of the housing 11). 
0023. In addition, each ground plane 13 has contact 
sections 13A that protrude downward from the bottom wall 
11A of the housing. The connector 10 having the ground 
planes 13 and the signals terminals 12 as described above 
has a fitting section 21 that protrudes upward from the 
bottom wall 11A of the housing 11. This fitting section 21 
extends in the Y-direction in FIG. 1, and has slits 22 at 
regular intervals in the Y-direction. A portion of each elastic 
arm 12B other than the free end that has the contact section 
12C of the signal terminal 12 on its end and the wall sections 
16 of the ground plane 13 are placed into the corresponding 
slits 22. 

0024. As seen in FIG. 2, in the counter connector 30 to fit 
and connect to the connector 10 of this embodiment, the 
counter housing 31 has counter fitting sections 32 that 
protrudes downward from the upper wall 31A of the counter 
housing 31. These counter fitting sections 32 are fitted in 
between the fitting sections 21, being put into the space 
formed by the fitting sections 21 of the connector 10. The 
counter fitting sections 32 have receiving grooves 33 at 
specified positions in the Y-direction so as to receive the first 
elastic section 18 and the second elastic section 20 of the 
ground plane 13 of the connector 10. Each counter signal 
terminal 34 of the counter connector 30 has flat counter 
contact sections 34A that are tightly attached to the YZ 
plane of the counter fitting section 32. Solder ball 35 is 
provided at each connecting section that protrudes from the 
upper wall 31A of the counter housing 31. 
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0.025 The counter ground plane 36 extends in the Y-di 
rection, the plate surface being in the YZ-plane. Slits to press 
therein the first elastic section 18 and the second elastic 
section 20 of the ground plane 13 are formed at specified 
positions in the Y-direction, being open downward. The 
counter ground plane 36 is held in the counter fitting sections 
32 of the counter housing 31 by one-piece molding. The 
facing inner edges 38A of each slit 38 protrude from the side 
Surfaces of the receiving groove 33 of the counter housing 
31. Each counter ground plane 36 has connecting sections 
that protrude from the upper wall section 31A of the counter 
housing 31. A solder ball 37 is provided on each connecting 
section. 

0026. The two connectors, the connector 10 and the 
counter connector 30, described above are fitted and con 
nected to each other as described below. 

0027 First, the two connectors, the connector 10 and the 
counterconnector 30, are respectively connected with solder 
to an object to connect, such as a circuit board, by connect 
ing the contact section of each signal terminal and the 
connecting sections of the ground planes to corresponding 
sections of the object to connect. 
0028. Then, the two connectors, the connector 10 and the 
counter connector 30, are fitted to each other. This fitting is 
made by putting the fitting unit 21 of the connector 10 and 
the counter fitting sections 32 of the counter connector 30 
into the corresponding recessed sections. 
0029. Once they are fitted each other, the ground plane 13 
of the connector 10 and the counter ground plane 36 of the 
counter connector 30 cross each other and form a lattice-like 
structure On the other hand, the signal terminals 12 and the 
counter signal terminals 34 are connected by contact within 
each generally rectangular space made in the lattice struc 
ture. (See the portion of the double dashed line in FIG.3 and 
FIG. 4). 
0030. As understood from FIGS. 3 and 4, the first elastic 
sections 18 and the second elastic sections 20 of each ground 
plane are put into the slits 38 of the counter ground plane 36, 
and the pressure-welding section 18B of each first projecting 
section 18A and the pressure-welding section 20B of each 
second projecting section 20A elastically contact by pressure 
with the surfaces of the two facing inner edges 38A. In other 
words, those two pressure-welding sections 18B and 20B 
separately elastically press the respective facing Surface of 
the facing inner edges 38. Therefore, the ground plane 13 
and the counter ground plane 36 can be contacted and 
connected to each other just by elastically displacing the 
welding sections 18B and 20B for the half distance of the 
groove width of the slit 38. 
0031. On the other hand, the contact section 12C of each 
signal terminal 12 of the connector 10 contacts with the 
contact section 34 of each signal terminal 34 of the counter 
connector 30, Such that the contacting plate surfaces of the 
contact section 12C and the counter contact section 34 are 
perpendicular to each other. In the above-described signal 
terminals 12, each upright section 12A and elastic arm 12B 
are facing the area of the wall section 16 of the ground plane 
13 and the first projecting section 18A or the area of the wall 
section 16 and the second projecting section 20A as 
described above, and the signal current path does not cross 
the cutout grooves of the ground plane 13 and continuously 
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faces the ground plane 13. Therefore, the signal current path 
maintains the minimum distance from the ground plane 13, 
and therefore, the propagation energy loss in the transmis 
sion circuit is minimized. 

0032. As described above, the connectors 10 and the 
counter connecter 30 which are fitted to each other, as 
understood from the cross-sectional Schematic drawing, 
FIG. 5, the contact section 12C of each signal terminal and 
the counter contact section 34A of each counter signal 
terminal are in generally quadrilateral spaces of the lattice 
like structure formed by the ground plane 13 and the counter 
ground plane 36, and shielded by the ground plane 13 and 
the counter ground plane 36. Here, FIG. 5(A) shows the 
connectors before and after the fitting. 

1. An electrical connector having ground planes, com 
prising: 

a plurality of ground planes, which are arranged such that 
the plane Surface of one ground plane is parallel to that 
of another ground plane; and 

a signal terminal having a contact section, which is 
provided such that said contact section is located 
between said ground planes, wherein 

said ground plane crosses the counter ground plane so as 
to form a lattice structure, and 

said contact section of said signal terminal is located in a 
space formed by said lattice structure, 

the plane Surface of said contact section of said signal 
terminal is perpendicular to the surface of the corre 
sponding contact section of the counter signal terminal, 
and 

said contact section is formed at a flexible elastic arm in 
said plane Surface, and said ground plane has a plurality 
of elastic sections, each of which has a pressure 
welding section to individually elastically contact with 
the inner surface of each slit. 

2. The electrical connector according to claim 1, wherein 
said elastic arm of said signal terminal has a generally 
S-shape, and a contact section is formed at its free end, said 
ground plane forms said an elastic section and its adjacent 
wall section by cutout groove, and said elastic arm is 
continuously located within the area of said elastic section 
and said wall section without crossing said cutout groove in 
its whole length when it is viewed in a direction perpen 
dicular to the plane Surface of the ground plane. 

3. The electrical connector having aground plane accord 
ing to claim 1, wherein two of said elastic section are 
provided for one slit of the counter ground plane, said 
pressure-welding section of one elastic section and said 
pressure-welding section of the other elastic section are 
displaced in directions opposite each other. 

4. The electrical connector having aground plane accord 
ing to claim 3, wherein the base of said two elastic sections 
are located in positions opposite each other with regard to 
said counter ground plane in the thickness direction of said 
counter ground plane, said pressure-welding sections of 
those elastic sections are formed in a region that includes the 
position for slit of said ground plane, but displaced in the 
connector's fitting direction. 

k k k k k 


